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Abstract

Analysis of data from 60 wells in and around the Nevada Test Site,

including .6 En the Yucca Mountain area, n-iicates a thermal regime

characterized by large vertical and lateral gradients in heat flow. Estimates

of heat flow indicate considerable variation on both regional and local

scales. The variations are attributable primarily to hydrologic processes

involving interbasin flow with a vertical component of (seepage) velocity

(volume flux) of a few mm/yr. Apart from indicating a general downward

movement of water at a few mm/yr, the results from Yucca Mountain are as yet

inconclusive.
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INTRODUCTION

The Geothermal Studies Project, USGS. has been eriodically measuring

temperatures 'n noles rimea -n and near the Nevada -est ite (NTS) in

southern Nevaoa (fig. :.). ur primary motivation has been the measurement of

the earth's heat flow. -hus, nen we examined temperature profiles within the

context of heat flow in the western United States (Sass and others, 1971) we

discarded most of the data we had obtained as unsuitable owing to hydrologic

disturbances to the conductive heat-flow field. Recently (Lachenbruch and

Sass, 1977), we have attempted to refine our interpretation of the variation

of heat flow in the western U.S. In particular, we have sought to explain

much of the scatter in heat flow within the Great Basin in terms of local

water circulation. In addition, we have interpreted the large area of

anomalously low heat flow (EureKa Low, EL, fig. 1) as reflecting regional

water flow with a downward (seepage) velocity component on the order of a few

mm/y (Lachenbruch and Sass, 977) consistent with regional hydrologic studies

(see Winograd and Thordarson, 975). The regional heat flow from beneath the

zone of hydrologic isturbance in the Eureka Low may e the same as that

characteristic of the reat Basin in general ( mWm 2, or -.2 HFU) or it

could be as high as -KCO mwm 2 (-2.5 HFU).

In view of the importance of hydrologic processes in determining the

suitability of prooosea repository sites, and because thermal measurements are

extremely sensitive --o tese rocesses, we have re-examined our existing data

and obtained aeditional ata from Syncline Ridge near the Eleana Range, hole

U15K in the Climax StocK. and from all available wells near Yucca Mountain

(fig. 2). In this section, we briefly review the thermal data from

approximately 60 weits ana tneir imolications for regional heat flow. We also
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examine in more detail the thermal data from the Yucca Mountain site and their

implications for vertical water flow within and adjacent to the proposed

nuclear waste repository.

Acknowledgments. Temperature measurements were mace by Gordon Greene,

Fred Grubb, Tom Moses, Bob Munroe, and Gene Smith. Conductivities were

measured by Bob Munroe and Gene Smith. We are grateful to W. E. Wilson and

Rick Waddell for their helpful comments and suggestions.
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Fizure 1. "aD of western United States showing heat-flow contours
qin riFU) I aheat-rflow unit (HFU) = 41.36 tmn . EL is Eureka Low.
Arrow indicates outline of approximate boundaries of the Nevada
Test Site NTS' . zfeavv line is '.3 iFU contour, based on t.e
empirical relation between silica temperatures and heat flow
'wanberg ana organ, 1Q78).
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REGIONAL HEAT FLOW

Available heat-f'ow ata f-om te NTS region are summarized in table 1

ana figure .3. The ata aescr'tea as "'SGS inoublishea" are reiiminary and

are subject to minor revision ( a few percent) upon further study. The data

(fig. 3) indicat a typical Basin-and-Range distribution of heat flow in the

region immediately surrounding Mercury but a rather complex situation to the

north and west. The complexity of the thermal regime is further demonstrated,

and can be explained to some extent, by consideration of all temperature data

within the region (fig. 2). These data are presented as a series of composite

temperature-depth plots ("worm diagrams") for different areas within the

region in figures 4 through 8 and 10.

Beneath Pahute Mesa (fig. 4), temperature gradients are fairly low (20

to 250C/km), and the tuffs within which the wells were drilled have low

thermal conductivities (1 to 1.5 Wm K) resulting in anomalously low values

of regional heat flow. The deepest log we obtained from NTS was that in Ue2Of

(fig. 4). :n the uDper 1.5 km, the temperature gradient is 26'C/km and the

calculated conductive heat flow is less than 40 mWm 2. Below 1.5 km, there is

a zone extending to nearly 3 km that is probably disturbed by a complex

combination of lateral and vertical water flow. Below 3 km, the temperature

profile is linear, and the gradient is 37'C/km. Thermal conductivities in

this section are t well characterized, but reasonable values would result in

heat-flow valt between 80 and 100 mWm 2 wnich is typical of the Basin and

Range Province i general. The implication here is that water is carrying off

much of the ec h's heat in the upper 3 km and delivering it elsewhere. Well

PM-2 is a possible exception. Its temperature profile (fig. 4) might indicate

regional heat flow or possibly ust a local upwelling of convecting water.
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TABLE . -Jeat-flow determinations in ana adjacent o
the Nevaca est Site (see Figures 2 and 3 for ocations)

Well Heat flow Reference

mW 2 HFU

PM2 63 1.5 Sass and others, 1971

PM1 42 1.0 Sass and others, 1971

DOL 80 1.9 Sass and others, 1971

U15K 56 1.3 USGS unpublished

Uel7e 66 1.58 USGS unpublished

TWE 29 0.7 Sass and others, 1971

J-13 67 1.6 Sass and others, 1971

Ue25al 54 1.3 Sass and others, 1980

Ue25bl 47 1.1 USGS unpublished

UeZ5a3 130 3.1 Sass and others, 1980

USWG1* 52 1.25 Table 2, this paper

TWF 76 1.81 Sass ana others, 1971

TW3 92 2.2 Sass and others, 1971

TW5 84 2.0 Sass and others, 1971

TW4 91 2.2 Sass and others, 1971

*Average heat flow in lowermost -600 m.
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Consideration of temperatures from other areas of the NTS (figs. 5

through 8) also suggests lateral variations 4n neat flow that can be

attributed largely to literal ana vertical Water ovement With vertical

seepage velocities probably on the order of 1-10 mm/y.

The most reliable "flux plates" for determination of regional heat flow

generally have been granitic bodies. Unfortunately, we have only one such

determination (Ul5k, fig. 3), and even it is uncertain because the hole is

relatively shallow (260 m), and we have only one determination of thermal

conductivity. The best documented heat-flux value in this region is that for

UE17e (figs. 3 and 7) which was drilled in argillites of the Eleana Formation.

This is the only well in this entire study for which we can rule out vertical

water movement in the hole, as the access casing was completely grouted in.

In other wells, some or all of the perturbations to the steady-state

conductive thermal regime may be the result of water movement in the annulus

between casing and borehole wall rather than water movement in the formation.

Fortunately, however, it is usually possible to distinguish between the two

types of flow on the basis of the shape of the disturbed temperature profile.

To characterize adequately the heat flow in this region, we require

several holes to depths of several hundred meters, preferably drilled in

granitic rocks, and with the annulus between access casing and borehole wall

completely sealed off by grout or a similar medium.
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THERMAL REGIME OF YUCCA MOUNTAIN

Locations of wells drilled specifically to study the repository site

being nvestigated at Yucca Mountain are shown in figure 9. The most recent

temperature profiles from these wells (and some nearby wells, fig. 2) are

presented in figures 10 and 11. The hydraulic potentiometric surface beneath

Yucca Mountain is deeper than 500 meters. The curves show variations in

thermal gradients to about 1,000 m. Thus, hydrologic disturbances to the

temperature field may occur both above and below the water table. Some of the

extreme variations in thermal gradient above the water table might be

explained in terms of two-phase water flow, with the ratio of liquid to vapor

varying as a function of depth (see Lachenbruch, 1981). At present, this

seems to be the most reasonable physical explanation for the types of

variations, both lateral and vertical, in temperature gradients observed in

the "conductor holes" (UE25a4, 5, 6, and 7, fig. 9), a closely grouped series

of holes drilled entirely within the unsaturated zone. Some, but by no means

all, of the variations in gradient for this series (fig. 11) may be explained

by long-lived transients resulting from the loss of large quantities of mud

during drilling. The holes are, however, effectively in thermal equilibrium,

and the gradient variations cannot be ascribed plausibly to variations in

thermal conductivity (particularly where there are temperature reversals).

For the deepest wells (GI and H1, fig. 10), systematic variations in

temperature gradient occur without corresponding variations in thermal

conductivity. Our preliminary interpretation suggested a systematic downward

percolation of ground water through both unsaturated and saturated zones with

seepage velocities of a few mm/y. With sufficient thermal conductivity data

now available, we are able to test that interpretation quantitatively.
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Fizure '9. Lo~cations of drill hioles near Yucca Mountain.
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Temperature gradients within individual formations were combined with

thermal conductivity determinations by Lappin and others (1982) (above -900 m)

and our own measurements (below -.900 m) to obtain component conductive heat

flows for each formation (table 2). The six interval heat flows increase

systematically with depth, lending support to our preliminary interpretation.

If we assume that one-dimensional steady-state vertical water flow is

responsible for the observed increase in heat flow with depth and that the

material is saturated, we may perform a simple calculation to estimate the

seepage velocity and penetration depth of the vertical water flow.

For the idealized conditions assumed, conservation of mass and energy

requires that the temperature e be related to the vertical volumetric flow

rate of interstitial water V by the differential equation (see e.g.,

Lachenbruch and Sass, 1977)

d de de
-Z k-~ = -p c'V--dzdz dz

where z is depth and V is taken positive for upward flow. Density and

specific heat at constant pressure for the water are represented by p' and c',

respectively; k is thermal conductivity of the saturated aggregate. Their

values are approximately

p'c' = 1 cal/cm3 C = 4.2 x 106 J/m3K (2a)

k = 4.3 mcal/cm sec C = 1.8 Wlm K (2b)

The vertical conductive heat flow q (positive upward) is defined by

q = kdd (3)

Combining (1) and (3) yields a relation between vertical heat flow and

volumetric flow velocity V (e.g., cm3 of water per cm2 of cross sectional area

- 20 -
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of aggregate per unit time)

do= -Aq (4)

where

A (5)
k

According to (4), the conducted heat flow at the surface q is related to the

conducted heat flow q(z) at depth z by

q(z) = q e Z (6)

where

A = 1 0 Adz (7)

Thus A is a representative value of A in the depth range O,z].

To obtain an order of magnitude estimate of A (and hence V, equation 5),

we neglect its variation with depth and fit a curve of form (6) to heat flows

q(z) determined over a number of depth intervals in the hole. The interval

heat flows were plotted as a function of the depth of the mid-point of the

interval (fig. 12) and a least-squares regression curve (also shown in the

figure) was calculated. The parameters of equation 6 obtained from the

regression analysis are:

q = 0.53 HFU = 22.4 mW/m (8)

A = -6.12 x 10 4 m 1 (9)

The correlation coefficient is 0.95, and the maximum departures from the

least-squares line are about ±5 mW/m2 which we consider reasonable in view of

the idealized nature of the model and likely sources of measurement error.

- 22 -
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Combining equations 2, 5, and 9 yields an estimate of the vertical seepage

velocity

V = A, A (10a)

= 2.6 x 10 m/s = 8 mm/y (lob)

The average particle velocity of the pore water is obtained from V by dividing

by the porosity; i.e., it would be 40 mm/yr (40 m/1000 yrs) for a porosity of

20% (lob).

If we assume that this simple flow pattern persists to some depth z*,

beneath which the heat flow is equal to the regional value q(z*), we can

estimate the depth of vertical flow from equations 6, 8, and 9

z* = An cl(Z*2 (Ila)
q0

-2 km if q(z*) 80 mW/m 2 HFU (lb)

-2.5 km if q(z*) 100 mW/m -2.5 HFU (11c)

Although this model represents a gross idealization, it leads to numerical

values for vertical seepage velocity (lOb) and circulation depth (b and c)

that are reasonable in order of magnitude and consistent with other infor-

mation.

- 24 -



SUMMARY

-rom thermal measurements in about 0 weils. t apDears tnat over much of

the Nevaaa -est ite, -iciuainq the -cca ountain ste. -e Ezeaay-state.

conductive thermal regime has een altered significantly to deaths as great as

2 to 3 km y water movement having a vertical component of seeDace velocity of

several meters per millenium. Regionally, the predominant vertical flow in

this depth range is downward, but local upwellings exist. The measurements

suggest 2- or 3-dimensional flow which in turn suggests that lateral movement

of ground water must also be involved; however, the thermal measurements

provide no measure of lateral velocities. in summarizing these results, we

emphasize that of all the holes we have studied at NTS, only Uel7e was

completed in the manner required for a confident analysis of the thermal

effects of natural ground-water flow. In the other holes, the annulus was not

blocked with grout, and uncertainties persist regarding possible complications

of local vertical flow within the annulus behind the well casing.

In the Yucca Mountain area itself, measurements in wells deeper than 1 km

suggest a downward water movement with seepage velocity on the order of

1-10 mm/y.
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APPENDIX A-1.

Thermal conductivity, density, and apparent porosity of tuffs

from USWG1 (measured at -250 C)
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lvi. 1ithic-rich tuft
It, older ash-flow and bedded tuft. units A. S. and C

Saturated density Nl, not easured (because of disintegratlon o specimen).

Appdrent porosity saturated weiaht - r weigh! N not measured.
saturated weight
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Chemical Evidence of Preferred Water Flow Paths in

Unsaturated Fractured Tuffs, Yucca ountain, Nevada

I. C. Yang

Abstract

Pore fluids were extracted from cores of unsaturated tuff in a borehole

from Yucca Mountain, Nevada, using triaxial compression and high-speed cent-

rifugation methods. Chemical analyses for major cations and anions indicated

no substantial difference in pore-fluids chemistry extracted by these two

methods. The tritium log in the borehole indicated a tritium activity of

about 20 Tritium Units2 (T.U.) at a depth of 1 m; activity decreased to zero

T.U. at 12 m, increased to 20 T.U. in the interval 35 to 45 m, and increased

to 40 T.U. atgiabout 50 m. This profile inversion from 12 m to 50 a depth

may indicate that water at 50 m did not percolate vertically from the alluvium

directly above, but rather may indicate a rapid flow of recent water through

fractures or non-vertical, high-angle to lateral flow paths or both. Such flow

paths were predicted by ontazer and Wilson (1984)3 in their conceptual model.

This conclusion is further supported by major-ion concentrations of the pore

fluids from this borehole which did not show progressive increases in concen-

trations with increasing depth in the upper 100 a. Assuming uniform mineral

compositions of the tuff, longer water-rock contact time may result in larger

concentrations. The smaller chemical concentrations in water at greater depth

compared with larger concentrations at a shallower depth would indicate a

relatively-fast travel time from non-vertical flow path or a period of intense

-3



recharge events at the site in the past. The large tritium concentration at
deeper depth would be the result of fast travel time instead of the result of
intense recharge in the past.

U.S. Geological Survey, MS 421, Denver, Colorado 80225.
2 1 T.U. is equivalent to a concentration of 1 tritium atom in 1018 hydrogen

atoms.

3 Montazer, Parviz, and Wilson, W. E., 1984. Conceptual hydrologic model of
flow in the unsaturated zone,Yucca Mountain, Nevada: Water-Resources
Investigations Report 84-4345, 55p.
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Ralph Stein, Director, Engineering and Geotechnology Division, Geologic
Repositories HO (R-23) FORS

RESPONSE TO BROOKHAVEN NATIONAL LABORATORY (BNL) LETTER CONCERNING NEVADA
NUCLEAR WASTE STORAGE INVESTIGATIONS (NNWSI) PROJECT LICENSING STRATEGY
(REFERENCE MPO ACTION ITEM 88-853)

Reference: Letter, Schweitzer to Stein, dtd. 11/6/87

This letter represents a restatement, incorporating wider project input, of our
previously transmitted letter, WPO:DEL-762, dated December 28, 1987,
responding to the referenced BNL letter of November 6, 1987 (enclosure 1). The
NNVSI Project technical staff continues to disagree with the rationale,
interpretation, and logic of the BNL letter. These disagreements are outlined
in Enclosure 2. Detailed reasons and explanations for NNWSI disagreement are
discussed on a point-by-point basis in Enclosure 3.

The BNL letter is based upon what we feel is a limited and incomplete
perspective concerning calcite and opaline silica deposits located along faults
near Yucca Mountain and the potential for hydrothermal activity. The letter
also contains statements indicating a lack of information and understanding on
the part of BNL concerning the NNWSI Project licensing strategy. The NNVSI
Project does not agree with the BNL recommendations as they are not based on
complete information and current interpretations.

The Waste Management Project Office (MPO) recommends that appropriate
U.S. Department of Energy, WMPO and Headquarters staff meet in Las Vegas during
March for collegial discussions to provide the appropriate BNL staff the
opportunity to understand the NNWSI Project licensing strategy, project plans,
and scientific information available to the project. At that time, the NNWSI
Project will be pleased to respond to any constructive critiques and
recommendations BNL should present, and incorporate those ideas into the
project plans. Please contact either Donald E. Livingston, WMPO, FTS 575-8944,
or U-Sun Park, Science Applications International Corporation, 702-733-9958, to
make arrangements for this meeting. The NNWSI Project is fully confident that
the present research plans and strategies are sound, technically feasible, and
provide a high level of confidence in the licensing strategy.

rl P. Gertz, Project Manager
WMPO:MBB-1106 Waste Management Project Office

Enclosures:
1. Ltr. 11/6/87 Schweitzer to Stein : TVMSS
2. Point-by-Point Outline Response
3. Response to Letter dated 11/6/87
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Point by Point Outlined Response to the November 6, 1987
letter from D. G. Schweitzer to Ralph Stein

NNWSI Project
Comment Number
Found on
Enclosure 1 Outlined Response

1 References that are cited in the November 6th letter do not
represent a "significant quantity of independent and con-
sistent information." References cited are used out of
context and/or are administrative documents that do not
reflect the scientific knowledge of the NNVSI Project.
Further details are provided in Enclosure 3 (Section 2.1).

2 The central philosophy of the NNVSI licensing strategy is
to rely on the engineered barrier system performance under
the unsaturated site conditions. The site is expected to
remain unsaturated for the next 10,000 years and no infor-
mation has been presented in the November 6 letter which
contradicts this central philosophy (see Section 4.1 in
Enclosure 3).

3 This quotation is from an outdated draft document which
does not represent the current NNWSI Project position.
Licensing strategy that relies on a limited amount of water
available to contact the waste package is only a partial
component of the overall strategy. The NNWSI Project waste
package compliance strategy also relies on other components
such as the waste form, the waste container, and the engi-
neered environment. Performance of these major components
in turn is supported by many subcomponents including the
spent fuel cladding, solubility limits, leach rate, thermal
field, airgap in conjunction with high matric potential
(i.e., water does not cross over the airgap between the
waste package and the borehole due to capillary effect),
etc. Therefore, the partial reliance in the waste package
performance strategy of a limited amount of water is a
technically defensible strategy with the current under-
standing of the site (see Section 4.2, in Enclosure 3).

4 The NNWSI Project has not been trying to identify the
origin of these deposits since the early 1980's. Serious
work and recognition of potential licensing implications
was not recognized until 1985 at NSI Project staff

L Ds u flE 2



-2-

4 Cont. initiation. It is not the strategy of the NNVSI Project to
absolutely identify the origin of these deposits, but to
learn if they have any significance at repository depths
under anticipated conditions (see Comment 5). Further
details are provided in Enclosure 3 (Sections 2.1 and 2.2).

5 It is not the purpose or strategy of the NNWSI Project to
absolutely determine the origin of the calcite and opaline
silica deposits. Although an understanding of the exact
mode of origin would be beneficial, it is not necessary for
licensing concerns. For licensing concerns a knowledge,
within limits, of the nature and amounts of fluid involved
for anticipated events is a major aspect of this concern.
In addition, the recurrence interval of events, the age of
the deposits, and the consequences of a particular origin
on isolation and containment are important concerns in
licensing strategy that the November 6 letter has not
acknowledged. Further details are provided in Enclosure 3
(Sections 2.1 and 2.2).

6 See Comments 4 and 5 above. Only two origins are discussed
in the November 6 letter, in contrast the NNVSI Project is
considering several working hypotheses including: a pedo-
genic, hydrothermal, seismic pumping, cold spring, or com-
bination of the above hypotheses. Further details are
provided in Enclosure 3 (Sections 2.1 and 2.2).

7 It is not the intent of the NNWSI Project to center its
research program on a "great deal of publicity." The NNVSI
Project does not intend to base its licensing strategy on
the amount of publicity a topic receives, but on careful
technical data analysis and judgment. Further details can
be found in Enclosure 3 (Section 5.0). In addition, the
documents cited here are non-technical documents (e.g.,
Nevada Nuclear Waste News), administrative documents (e.g.,

,bGAO Reports), or out of date (e.g., NRC comments on the
EAs).

8 As pointed out in the response to Comments 4 and 5, it is
not necessary to absolutely identify the origin of the
deposits in question. The November 6 letter overemphasizes
the length of time under which these deposits have been
under scrutiny and the licensing implications of these
deposits. Detailed work, analysis, and publication may
take up to 30 to 39 months, but the NNWSI Project believes
the work can be accomplished in an earlier timeframe and
that the work will resolve the issue or allow the Project
to address any licensing concerns. Further details
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8 Cont. concerning these comments can be found in Enclosure 3
(Section 2.1).

9 It is the opinion of the NNVSI Project that the November 6
letter was overstated and exaggerated the potential for
hydrothermal activity. (Also see Enclosure 3 (Section 3.0)
and responses to Comments 10 and 12). At the site, (1) the
only known occurrence of hydrothermal activity is 11
million years old (low recurrence interval), (2) the
present day dovn-hole temperatures are low, and (3) the
calculated heat flows for Yucca Mountain are low, thus the
potential for future hydrothermal activity is low (i.e., an
unanticipated event).

10 It is not a correct statement that the consequences of the
deposits in question as "originating through pedogenic
processes have been mentioned only superficially in these
workshops." The possible origins and licensing
consequences have been discussed at great length by the
Project. In addition, a pedogenic origin is the present
USGS working hypothesis because all available data is
consistent with this model (see Sections 2.1 and 2.3 of
Enclosure 3).

11 This statement "substantial quantities of water may be
involved" is misquoted. The statement was extracted from
the February 28, 1986 workshop in which the possible
regulatory implications of the deposits in question was
presented to the investigators involved. It was not a
statement of fact. (See Sections 2.1 and 2.2 of Enclosure
3).

12 Again the potential for hydrothermal activity is overstated
and exaggerated (see Enclosure 3, Section 3.0 and responses
to 9, 10). In addition, the statement on why the Vahmonie
site was eliminated from consideration as a repository site
is incorrect. The statement quoted is from the draft EA
and does not appear in the final EA because of a lack of
referenceable sources and the lack of scientific support.
(See Section 3.2 in Enclosure 3).

13 The NNWSI Project is confident that it has acknowledged any
areas of concern to its licensing strategy in the Consulta-
tion Draft SCP. Detailed and full analysis of the present
data base on the calcite-silica deposits was not available
at the time the Consultation Draft SCP was frozen. Further
detailed study is planned by the Project (see Enclosure 3,
Sections 2.2 and 3.2). Information that was available can
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13 Cont. be found in Section 1.2.2.2-10 of the Consultation Draft

SCP and further details are available from the workshops,

peer review, and will become available in a NNVSI
publication and in the Study Plans (Study 8.3.1.5.2.1,

Characterization of Quaternary Regional Hydrology, Activity

8.3.1.5.2.1.5).

14 Regardless of the origin of the calcite and opaline-silica

deposits located in the trench 14, based on presently

available data, the site is expected to remain unsaturated

for over 10,000 years. Any processes or events that will

make the site saturated are unanticipated. Thus, under the

expected unsaturated site conditions, the amount of water

available to contact the waste package is very small, and

the current waste package design basis is already
conservative and is technically defensible. (See Section

4.2 in Enclosure 3).

15 No credible connection is made in the November 6 letter

between the calcite and opaline silica deposits and the

10,000 year containment. 10 CFR 60.113 requires the waste

package and the EBS to be designed for anticipated proces-

ses and events; and hydrothermal activity is not an anti-

cipated process or event at the Yucca Mountain site based

upon a considerable amount of data. Hence, the 10,000 year

containment is neither required nor desirable (see Sections

3 and 4 in Enclosure 3).

16 See Point 3 above. In addition, the quoted "recent highly

publicized events" has not changed any design basis for the

EBS, nor affects the NNVSI licensing strategy. The Project

does not intend to base its licensing strategy on the

amount of publicity a topic receives, but on careful tech-

nical data analysis and judgment (see Section 4.2 in Enclo-

sure 3).



Response To November 6, 1987, Letter
From Donald G. Schweitzer to Ralph Stein

1.0 Introduction

The NNVSI Project disagrees with the rationale, interpretation, and logic of
the November 6th letter for reasons discussed in this enclosure. The
analysis and conclusions reached in the November 6th letter are based on a
misunderstanding of the current information, the use of existing information
out of the context in which it was provided, the citation of administrative
documents as scientific sources, and an unfamiliarity with a substantial body
of literature that was not apparently considered in the analysis. The NNWSI
Project is fully confident that our waste package licensing strategies, Site
Characterization Plan (SCP), other plans, and research strategies are techni-
cally sound and lead to a total program that accounts for and has considered
in depth the expressed concerns in the November 6th letter.

The following discussion is organized into this introduction, a point by point
response to the statements made in the November 6th letter, and a summary.
The response section responds to comments of the November 6th letter that are
numbered on enclosure 1. Where appropriate, the responses include information
concerning the Project's current status of activities, planned work, an his-
torical perspective, and citation of references. In addition, the response
section is structured on the topics discussed in the November 6th letter of
increasing level of importance to the NNVSI Project licensing strategy. Thus,
the response section sequentially addresses specific concerns centering around
the (1) calcite and opaline silica deposits (hydrogenic deposits) located
along faults in the area of Yucca Mountain, (2) the potential for hydrothermal
activity at the Yucca Mountain site, and hence, (3) the waste package licens-
ing strategy.

2.0 Calcite and Opaline Silica Deposits (Hydrogenic Deposits) Located Along
Faults

2.1 Chronology of Events

The November 6th letter states (Comments 4, 5) "Ever since the early 1980's,
NNVSI, DOE-VMPO, NRC, USGS, SAIC, Los Alamos, Sandia, State of Nevada repre-
sentatives, and DOEHeadquarters staff have been involved in trying to
identify the origin of the calcite-silica deposits in a trench located between
the east slope of Yucca Mountain and Exile Hill which cross-cuts the Bow Ridge
fault.'

Furthermore, it is stated (Comment 6) "From 1984 to the present, a series of
workshops and reviews have not been able to determine whether the deposit was
formed from surface water running down (pedogenic), or springvater ascending
(hydrothermal)." These comments are discussed in this section and other
sections.

ENCLOSURE -
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The chronology of events discussed above leading up to the Projects detailed
analysis of concerns related to deposits located along faults is not correct
and implies that the Project has not applied the appropriate level of detail
or amount of analysis upon these concerns. We believe that the letter has
considerably overstated the duration and intensity of studies (Comments 4, 5,
6, 8) concerning the calcite and opaline silica deposits located in trench 14.
Initial mapping of the trench walls was indeed done in the early 1980's with
the interpretation that the calcite and opaline silica represented accumula-
tions in the near surface soil and rock from the infiltrating water. The
first suggestion of other possible origins, including a hydrothermal origin,
was made by NNWSI staff in September of 1984. The full extent of the deposits
located in trench 14 along the Bow Ridge Fault was not known until 1985 when
the trench was deepened because of this NNVSI Project staff initiation. The
possible implications of these deposits were not fully developed until 1985
and, therefore, the debate on this trench has not been ongoing since the
"early 1980's."

In 1985 the possible geologic implications of these deposits were discussed by
a wide range of personnel possessing expertise in a variety of geologic
specialties (Biddison, 1985), and it was determined that the Project would be
best served by initiating a workshop with a wide range of experts to gauge and
resolve the possible licensing implications. In February of 1986, a workshop
was held (Voegele, 1986a) with over twenty technical participants to debate
possible origins, present the available information, and begin to establish a
program that would address the concerns which had been discussed. An addi-
tional workshop (Voegele, 1986b) was held in April of 1986, again with over
twenty technical participants, to formalize the present knowledge, plan future
research, and discuss the licensing implications.

As a result of these workshops, it was determined that plans developed to
study the calcite and opaline silica deposits (hydrogenic deposits) should
incorporate two fundamental guidelines (Voegele, 1986a, 1986b):

a) The NNWSI Project plans would give credence to all hypotheses (multiple
hypotheses) relating to the origin of the trench 14 and similar deposits so
as not to bias the outcome.

b) An external Peer Review Panel would be formed to critique the proposed
plans and offer additional expertise.

Nuclear Regulatory Commission (NRC) comments on the final Environmental
Assessment (EA) concerning the deposits of calcite and opaline silica were
received in December of 1986 (Browning, 1986) after the NRC attendance at
workshops. A formal proposal of work was drafted by the United States
Geological Survey (USGS) and Los Alamos National Laboratory (LANL), and
submitted for peer review in March, and forwarded to the Peer Review Panel in
May (Blanchard, 1987a).

To ensure that the planned research would resolve our technical and licensing
questions, an external Peer Review staffed by recognized experts of stature
was held in May of 1987 upon completion of this technical proposal. Thus, the
purpose of the Peer Review Panel meeting was not to identify "the source of
the deposit" as implied in the November 6th letter (Comments 5, 6, 8).
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Although an understanding of the exact mode of origin would be beneficial, it
is not necessary for licensing concerns. The November 6th letter incorrectly
places the emphasis on the origin of these deposits when for licensing
arguments all that is required is a knowledge, within limits, of the nature
and amounts of fluid involved in anticipated events. The Project is fully
confident that limits on the nature and amounts of fluid involved for
anticipated events can be bounded by the work being planned. This information
can then be assessed in the waste package strategy which is considered to be
conservative (See Section 4.0) and evaluated for other performance assessment
concerns.

The Peer Review Panel made many recommendations (Hanson, 1987) to the Project,
some of which are discussed in sections presented below. The earlier work-
shops and the Peer Review were conducted without bias toward any specific
origin (Section 2.2.2). This has apparently led to the mistaken impression
expressed in the November 6th letter (Comments 1, 13, 14) that the NNWSI
Project has no clearly defined approaches to resolving regulatory questions
with a high degree of confidence. The waste package strategy germane to the
November 6th letter is discussed in Section 4.0. Finally, no new concerns or
ideas on the implications of the calcite and opaline silica deposits (hydro-
genic deposits) that have not been considered and evaluated by the Project in
detail were raised by the November 6th letter.

The NNVSI Project does not agree that a significant quantity of information
has been presented in this letter (Comment 1) which contradicts licensing
strategy (see Sections 2.0, 3.0, and 4.0). The claim that the information
presented in the letter is "independent and consistent" is unsubstantiated by
the references cited in the letter (Comment 7). Use of the references in this
letter has been selectively biased and does not take into account the
chronology of events as described in this section. Furthermore, many of the
references cited are non-technical or administrative documents. For example,
this includes the Nevada Nuclear aste Newsletters and GAO reports. As stated
in the sections below, the NNVSI Project is confident about its present
licensing strategy based upon the presently available scientific information.

2.2.1 Origin of Deposits

The November 6th letter implies that only two different origins are possible
for calcite and opaline silica deposits (hydrogenic deposits) (Comment 4)
when several different origins are being considered, and these include a
pedogenic origin (downward flux of infiltrating water), a cold spring origin,
a hydrothermal origin, a seismic pumping origin, and combinations of the above
origins (Voegele, 1986 ab). It should be recognized that determination of
modes of origin does not necessarily yield information about potential
conditions at repository depth. Conversely, other data concerning the deposits
may yield information on conditions expected at repository depth without
defining a unique origin. All possible origins were considered in the
workshops (Voegele, 1986 a,b) and in the peer review (Blanchard, 1987a;
Hanson, 1987). None of these origins or mechanisms are presently considered
as anticipated events except the infiltration of surface water which may be
concentrated along conduits (faults and fractures) (Consultation Draft SCP,
1988).
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On page 2 of the November 6th letter (Comment 11) the quote "substantial
quantities of water may be involved" extracted from the February 28, 1986
workshop (Voegele, 1986a) is misused in the context of the presentation made
by Max Blanchard (DOE/VMPO). The presentation was intended to describe
possible regulatory implications to the technical staff present if substantial
quantities of water were involved (Voegele, 1986a). Thus, it has not "been
recognized that even under the most favorable conditions of origin (i.e.,
surface ater running down), "substantial quantities of water may be involved"
(Comment 12). Further, as stated above, the volume of fluid per year is
considered to be low and accounted for in our waste package licensing strategy
(Section 4.0). A consideration of the volume of fluids involved is being
planned (Section 2.1) (Blanchard, 1987a,b; Voegele, 1987c).

In addition, the calcite and opaline silica deposits (hydrogenic deposits)
located in trench 14 occur in a valley that is over a kilometer away (Swadley
and Hoover, 1983) from the proposed repository and may actually divert water
away from the repository along this or other major faults whict occur in
valleys. Present waste package strategy is conservative enough that a pedo-
genic or seismic pumping mechanism can likely be accommodated (See Section
4.0) even under the unlikely condition that further information indicates they
are anticipated events. A seismic pumping (water movement initiated from the
water table as a result of faulting) or a pedogenic origin are not thought to
represent a severe hazard to the functioning of a repository because such
origins would involve a episodic, likely low-volume, and brief flux of water
from depth or above, respectively. The banded nature of these deposits
(Voegele, 1986a, 1986b; Blanchard, 1987a) is compatible with this conclusion.
A cold spring origin is not an anticipated event because known spring activity
in the area is believed to be Pliocene in age based upon their stratigraphic
relationships (Swadley and Carr, 1987). Hydrothermal activity (Section 3.0)
is not an anticipated event because the present thermal regime at Yucca
Mountain is low, known hydrothermal events are old and likely related to 11
m.y. old volcanism, and thus, the expected recurrence intervals of hydro-
thermal activity are extremely long (Stuckless and Mattson, 1987).

Futhermore, the November 6th letter oversimplifies the possible origins (Com-
ments 4, 10, 11, 14) of the deposits because several different depositional
events are recognized in trench 14 including: (1) older depositional phases
consisting of silica cemented breccia and druzy quartz emplacement are reason-
ably interpreted to be of hydrothermal origin or related to the original time
period of deposition of the tuff units (See Section 3.0 for status of this
origin) and (2) younger calcite and opaline silica veining common to faults in
the Basin and Range for which a pedogenic origin has generally been assumed
(Blanchard, 1987a; Hanson, 1987). To evaluate the different implications of
these models, the Peer Review Panel recommended a sequence of studies to be
performed with evaluation points to determine if further research was neces-
sary. These studies were to consist initially of field mapping and detailed
paragenesis and age determinations. Data related to these areas of study are
available and are continuing. The Peer Review Panel recommended that "If the
veins are young (ie., less than 100,000 years old), a more complete study,
including mineralogy; fluid inclusions; major, minor, and trace element;
tracer isotopes studies will be required. If the veins are old (i.e., greater
than 100,000 years) and formed from cold waters, no further studies may be
warranted."
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Preliminary information presented at the Peer Review meeting (Voegele, 1987)
is most consistent with a pedogenic origin of the vein deposits in trench 14
(see Comment 10), although other low temperature origins are being considered
because of the preliminary nature of the data base. Information presented at
the peer review indicates that these deposits were formed at temperatures less
than 30 degrees celcius and that a preliminary radiometric age is greater than
350,000 years before present. The deposits age or the expected recurrence
interval of the processes or events which lead to the deposition of the
deposits are (1) likely of such length that their recurrence is unanticipated,
or (2) that the deposits formed over such a long period of time that the
amount of water involved per unit time would be very small. Ongoing activi-
ties will refine the temperatures of formation and clarify the geochronology
of these deposits.

In addition, the uaternary stratigraphy may place bounds on the age of the
deposits because the deposits appear to be truncated by the overlying alluvium
(Taylor and Huckins, 1986). If detailed studies confirm this or an older age,
the deposits will have little or no bearing on expected future conditions
regardless of origin. This fact has not been acknowledged by the November 6th
letter (see Comments 9, 10, 11, 13, 14) which vastly overstates the technical
concerns. Finally, the only substantiated direction of transport in these
fault zones is in a downward direction based upon the presence of basaltic ash
in the deposits that only could be present due to downward transport (Taylor
and Huckins, 1986; Voegele, 1986b). A variety of technical information is
planned to be obtained in the future will further illucidate questions
concerning these deposits. This includes the study plans that are being
prepared in accordance with the guidance of the Peer Review Panel (Study
8.3.1.5.2, Characterization Under Activity 8.3.1.5.2.1.5).

3.0 Hydrothermal Activity

3.1 Past and Present Thermal Regime at Yucca Mountain

The November 6th letter implies that the potential for future hydrothermal
activity (Comments 6, 9, 10, 11) is a likely or anticipated event. Correctly,
if hydrothermal activity was considered to be likely (see Comment 9) at the
Yucca Mountain sit1, great concern would be present on the consequences of
such activity, for example, to the waste package integrity, waste isolation,
and the rock characteristics. However, the November 6th letter greatly
exaggerates the potential for hydrothermal activity at the site and ignores a
great body of data on: (1) what is presently known on the recurrence interval
and stratigraphic location of past hydrothermal activity at the site, and (2)
the present available information on the current thermal regime at Yucca
Mountain (Sections 3.2 and 3.3).

The potential for hydrothermal activity at the site is not considered to be an
anticipated event by the Project. Nor does the Project or the workshop
participants consider that "the potential existence of hydrothermal activity
is sufficiently serious so that the consequences of the deposit originating
through pedogenic processes have been mentioned only superficially in these
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workshops" as is claimed (Comment 11) in the November 6th letter. In con-
trast, the origin of the vein calcite and opaline silica deposits (hydrogenic
deposits) consistent with the present data is a pedogenic origin (Taylor and
Schroba, 1986; Taylor and Huckins 1986; Hayes, 1986). In addition, the
workshop meetings and numerous other meetings have discussed at great length
what the potential impacts of the mechanism of formation of these deposits
could have on licensing strategy.

3.2 Recurrence Interval and Stratigraphic Position of Past Hydrothermal
Activity

Past hydrothermal activity is known to have occurred at the site approximately
11 million years ago (Bish and Semarge; 1986, Bish, 1987), closely associated
in time with the known volcanism in the area and the deposition of the tuffs
from which the proposed repository is planned to be excavated. The paleogeo-
thermal signature of this hydrothermal event is found only at depth beneath
Yucca Mountain (Bish, 1987). Temperatures of this hydrothermal event are
estimated to have reached 2750 50 celsius at depths below 3 00 ft. in the
northern half of Yucca Mountain (Drillhole USW G-2) and only 10 + 500
celsius at the bottom of deep drillholes located in the southern half of Yucca
Mountain (Drillhole USY G-1) (ish, 1987). No other hydrothermal events have
been identified at the Yucca Mountain site.

Silica cemented breccias located along faults in close proximity to Yucca
Mountain may be of hydrothermal origin (see Section 2.2.2), but are older than
the calcite and silica vein deposits (Hanson, 1987; Voegele, 1987) and likely
associated with the only known hydrothermal event dated at 11 million years
(Bish, 1987) described above. In addition, the silica cemented breccias are
truncated by the younger calcite and opaline silica vein deposits located
along the Bov Ridge Fault and occur in areas where no vein deposits are
located in close proximity (Busted Butte) (Mattson, 1986). The Busted Butte
silica cemented breccia occurrence is overlain by wind-blown material known to
be older that 700,000 years before present (Mattson, 1986). The NNWSI Project
intends to perform further research to constrain the age relationships of
these potential hydrothermal deposits.

Given the great age of the hydrothermal event found at depth beneath Yucca
Mountain and the likely great age of the potential event(s) associated with
the deposition of he silica cemented breccias, the NNVSI Project does not
perceive any anticipated hydrothermal events at the Yucca Mountain site. In
addition, the present thermal regime at Yucca Mountain is known to be low,
based upon heat flow data and downhole temperature measurements (see Sec-
tion 3.3). Future hydrothermal activity is considered as an unanticipated
event and thus, need not be considered in waste package design and strategy to
comply with 10 CFR Part 60 as implied in the November 6th letter (Comment 12).

On page 2 of the November 6th letter (Comments 12, 13), it is stated that "I
believe the DOE can do little in the geology-hydrology portions of the draft
SCP other than explicit acknowledgement of the problem." This statement is
supported by reference to the potential for hydrothermal activity. The NNVSI
Project does not agree that it should consider hydrothermal activity an
anticipated event. The Project is confident that adequate coverage of all
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anticipated events is present in the SCP. It is acknowledged that the present
coverage in the SCP does not include all of the information available to the
NNWSI Project because recent reports have only just become available and the
finalization of the external Peer Review was only recently completed. In
addition, to the fullest extent possible, the geologic and hydrologic
implications of calcite and opaline silica deposits (Section 2.0) to
potentially effect licensing strategy have been acknowledged and accounted for
in our licensing strategy for the waste package (Section ..).

Also on page 2 (Comment 12) is the statement that the ahmonie NTS site was
eliminated because "local surface deposits from recent warm springs indicate
upward seepage of groundwater, possibly from great depths." The above
comments are not correct because of the following reasons: (1) the quotation
is from the Draft EA, was not found to be supportable and thus withdrawn from
the Final EA, and (2) the reason the Wahmonie site was withdrawn from consi-
deration was because "the area is structurally complex and hydrothermally
altered" and that the "subsurface is as complicated as the surface, and the
possibility of finding a repository medium at depth is remote" (Twenhofel,
1979). Thus, it is erroneous to state that the ahmonie site was eliminated
because of the presence of recent warm springs and to use this statement or
the ahmonie site as a geologic analogue of Yucca Mountain.

3.3 Present Day Thermal Regime at Yucca Mountain

The present day thermal regime located at Yucca Mountain is low. Surfece
temperatures of springs in the area are all significantly less than 90
celsius (Benson et al., 1983; Benson and McKinley, 1985; Bell and Larson,
1982; Garside and Schilling, 1979; Trexler et al., 19g9). In addition,
downhole temperatures at Yucca Mountain range from 21 celsius at a depth of
102 meters to a maximum of 65 celsius at a depth of 1,006 meters (Sass et
al., 1980). (It is normal to obtain higher temperatures at depth in drill-
holes.) Thus, present day temperatures of waters do not indicate any poten-
tial for hydrothermal activity.

The Yucca Mountain area lies on the southwest boundary of the Eureka Low, a
zone of low heat flow with all measurements less than 1.5 Heat Flow Units
(HFU) (Sass et al., 1971; Lachenbach and Sass, 1977). Average continental
heat flow is 1.5 HFU (Sass et al., 1971) and Nevada's average heat flow is 2.0
HFU (Garside and Schilling. 1979). Heat flow at Yucca Mountain has been cal-
culated to range from 1.1 to 1.3 HFU (Sass and Lachenbach, 1982), consistent
with the area being located on the edge of the Eureka Low.

Given the low water temperatures measured at the site and the low heat flow
calculated for the site, there is little present day potential for hydro-
thermal activity at the site. In addition, hydrothermal systems take a sub-
stantial time to develop and last for millions of years (Silberman, et al.,
1985; Smith and Shaw, 1979). Thus, little potential exists for the develop-
ment of a hydrothermal system at Yucca Mountain in the future, especially the
next 10,000 years. Finally, the NNWSI Project believes it has adequately
considered all concerns related to the potential for hydrothermal activity at
the site and presently considers this potential not to reflect an anticipated
event. It is the opinion of the NNWSI Project that the November 6th letter
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has overstated and exaggerated the potential for hydrothermal activity (Com-
ments 6, 9, 11, 12) at the site and misrepresented the need to consider
hydrothermal activity in the waste package design and strategy.

4.0 Waste Package Licensing Strategy

4.1 Chronology of Events Related to the "Central philosophy of the NNWSI
licensing strategy". (Comment 2 of November 6th Letter)

The initial focus of the NNWSI Project in the late 1970's was to evaluate the
suitability of placing a repository in the saturated zone beneath Yucca
Mountain. However, the concept of storing waste in the unsaturated zone had
been noted for nearly a decade (Winograd, 1972; Winograd, 1974). Later,
Winograd (1981) summarized the advantages associated with thick unsaturated
zones, with special reference to the Nevada Test Site. Roseboom (1983)
expanded on the concept and proposed design features that could enhance the
isolation potential of this environment. At Yucca Mountain, as an under-
standing of the hydrologic system began to develop, and as a result of the
urging by various sectors of the scientific community, more careful considera-
tion was given to the unsaturated zone. In 1982, investigative emphasis was
shifted to the unsaturated zone. Therefore, the central philosophy of the
NNVSI Project licensing strategy is to rely on the engineered barrier system
performance under the unsaturated site conditions.

At the Yucca Mountain site, the unsaturated zone could be a natural barrier to
radionuclide migration that would add to the barriers that exist in the
saturated zone system. The first component of the unsaturated zone barrier is
the very low flux of water that occurs at Yucca Mountain. Next, a sequence of
nonwelded porous tuffs that overlies the Topopah Spring Member may provide a
natural capillary barrier to retard the entrance of water into the fractured
tuffs (Montazer and ilson, 1984). The NNWSI Project technical staff is
confident that this centralized philosophy for the waste package licensing
strategy is sound and defensible.

4.2 The Two NNVSI Waste Package Quotations (Comment 3) and Anticipated Water
Flux (Comments 14, 16)

The quotations were extracted out of context and out of order from the
October 17, 1986 draft of the waste package strategy document (executive sum-
mary) presented to Headquarters for review on October 18, 1986. Since the
October 18, 1986, review, the BNL has participated in the review of NNWSI
Project waste package licensing strategy (February 2, April 4, June 15,
July 8, 1987) as a part of the SCP. The quotations no longer represent the
current NNWSI Project strategy. Even in the October 17, 1986, draft of the
waste package strategy, the unsaturated nature of the repository (limited
amount of water) was identified only as one element of the strategy. The
other elements to which performance goals were assigned include the waste
container, the waste form, and the engineered environment.

The current NNVSI Project waste package compliance strategy allocates perfor-
mances to the three elements, mentioned above, based on our current under-
standing of the site. Where uncertainties exist, research and development of
the waste package and site characterization is underway or is planned to
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reduce or eliminate them. Performance assessment may suggest a reallocation
of performance to meet the NRC 10 CFR 60.113 requirements.

According to 10 CFR 60.113, the waste package must be designed for anticipated
processes and events over the next 10,000 years. NRC staff analysis of
10 CFR Part 60 (NUREG-0804) defines the anticipated processes and events as
"such processes or events would not be anticipated unless they were reasonably
likely, assuming that processes operating in the geologic setting during the
Quarternary period were to continue to operate but with the perturbation
caused by the presence of emplaced waste superimposed thereon." All currently
available data are interpreted to indicate that the repository environment
will remain unsaturated for 10,000 years, and that it is not reasonably likely
that the ater flux will exceed the bounding values used in the NNWSI Project
strategy.

The goals for the amount of water contacting the waste packages, i.e., 5 and
20 L/yr, are based on a conservative upper bound of current percolation rate
through the repository horizon (i.e., 0.5 mm/yr) (Wilson, 1985) and a factor
of additional conservatism. At the 0.5 mm/yr flux, 0.25 L/yr is approximately
the annual quantity of water that would pass vertically through the projected
area above the vertical emplacement borehole. Multiplying by a factor of 20
for conservatism yields an annual volume of 5 liters passing through that
projected area. For the later time periods, an additional factor of four was
added for conservatism, allowing some packages to be contacted by up to 20
liters of water per year. Models of origin for calcite and opaline-silica
deposits that could become anticipated events (Section 2.0) are accounted for
in this conservative analysis, in that the waste package goals are 80 times
the estimated flux. It is important to note that the factor of 80 is based
purely on conservatism; in fact, that large an increase in flux would result
in saturation of the site. Any greater flux is neither considered reasonably
likely nor credible and is not designed for.

4.3 10,000 Year Containment (Comment 15)

The NNWSI waste package design strategy is based upon the expectation that a
limited amount of water will come into contact with the waste containers over
the next 10,000 years, and is thus consistent with the present understanding
of anticipated site'conditions. Furthermore, it is not clear that the
existence of any upward flow activity at the Bow Ridge Fault necessarily
implies its long-term impact on the waste package as envisioned by the BNL.
Indeed, such regional flow phenomena would only be consistent with a water
table high enough to completely inundate the repository horizon and much of
the current surface area, which is certainly not likely to occur within the
next 10,000 years. Therefore, the connection of the proposed hydrothermal
activity at the Bow Ridge Fault and the 10,000 year containment is totally
illogical. Further, hydrothermal activity is not an anticipated event (See
Section 3.0).

In addition, the NRC 10 CFR 60.113 states that the containment period shall be
not less than 300 years nor more than 1,000 years after permanent closure of
the geologic repository. A 10,000 year containment by the EBS will put an
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unnecessary burden on the EBS and is inconsistent with the NRC's multiple
barrier approach. In explaining the concept of the multiple barrier,
10 CFR 60.102 states, "Following the containment period, special emphasis is
placed upon the ability to achieve isolation of the wastes by virtue of the
characteristics of the geologic repository." This is consistent with the NRC
staff position (NUREG-0804) that the performance of the engineered and natural
barriers must each make a definite contribution. The NRC 10 CFR 60.101(a)(2)
also states, "While these performance objectives and criteria are generally
stated in unqualified terms, it is not expected that complete assurance can be
presented. A reasonable assurance...is the general standard that is
required." In view of the fact that the NNVSI Project strategy is based on
the current knowledge and anticipated behavior of the site, the 10,000 year
containment that is recommended by the BNL is neither necessary nor beneficial
and is totally inconsistent with 10 CFR Part 60.113. It should also be noted
that in despite of their support for 10,000 year containment, BNL has never
established a technically feasible design for a 1,000 year waste package
containment, not to mention a waste package designed for 10,000 year
containment.

5.0 Summary

The NNWSI Project has arduously and diligently centered its efforts toward a
technically sound licensing strategy on concerns related to the presence of
calcite and opaline-silica deposits (hydrogenic deposits), the potential for
hydrothermal activity, and the waste package. Some minor problems may remain;
however, the basic approaches have been repeatedly and thoroughly analyzed to
an extent that the NNVSI Project is fully confident that the present licensing
strategies, plans, and planned future research adequately address the concerns
expressed in the November 6th letter and reflect a defensible position on the
part of the NNVSI Project.

The NNWSI Project does not agree with the rationale, interpretation, and logic
of the November 6th letter for the technical reasons briefly discussed above.
The November 6th letter exhibits a misunderstanding of our current Project
status, plans, and strategies. Finally, the November 6th letter clearly
emphasizes that the Project should base its technical program on the level of
publicity (Comments 7, 16) a topic receives. The Project does not intend to
base its licensingstrategy on the amount of publicity a topic receives, but
on careful technical data analysis and judgement. Much of the technical
information available to the NNVSI Project has not been cited and apparently
reflects that BNL is unaware of a substantial body of technical documents. It
is our recommendation that the appropriate staff from BNL amiably meet in Las
Vegas during March with technical, WMPO/DOE and DOE/HQ staff. The meeting in
Las Vegas will provide the opportunity for the BNL staff to understand the
NNWSI Project licensing strategy, Project plans, and become familiar with the
scientific information available to the Project. Please contact either Donald
Livingston, MPO (FTS 575-8944) or U-Sun Park, SAIC (702-733-9958) to make
arrangements for this meeting.
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SUBJECT: RESULTS OF FIELD TRIP AND MEETING ON THE AGE OF THE LATHROP WELLS
VOLCANIC CENTER

Participants from the Los Alamos National Laboratory. the U.S. Geological Survey. the
University of New Mexico. WMPO. and SAIC reviewed field and laboratory evidence concerning
the age of volcanic activity at Lathrop Wells volcanic center. We examined critical field relations
at the volcanic center on February 3. 1987. On February 4. 1987. we reviewed the scientific
and programmatic implications of this evidence at a meeting in the SAIC office in Las Vegas.
We additionally discussed areas of future research that are needed for the volcanism studies
part of the Site Characterization program. The following are major conclusions from the field
trip and meeting and represent the consensus opinions of the participants.

1. We agreed that multiple lines of evidence support the observation that there were multiple
eruptive events separated by a significant time gap at the Lathrop Wells volcanic center.
This evidence includes:

A. Field observations suggest the lava flows of the center were erupted from a north-
northwest-trending fissure system. They were not erupted from the main scoria cone
of the Lathrop Wells center.

B. K-Ar determinations indicate the age of the lavas are about 150.000 ± 100.000 yrs
old (2 sigma).

C. Cone degradation parameters suggest the main scoria cone of the Latnrop Wells
center is significantly younger than both the lava flows and the scoria cone/fissure
system that was the source of the lava flows.

D. The presence of angular. Ti-Cr bearing magnetite crystals in varnish developed on
the 150.000 yr old lavas requires introduction of the crystals from a separate and
younger eruption. The most likely source of these crystals was the eruptions .that
produced the main scoria cone of the Lathrop Wells center.

2. The exact age of the youngest volcanic event at the Lathrop Wells center (formation of
the main scoria cone) is not yet well constrained. It is significantly less than the age
of the lava flows (150.000 yrs old) and is possibly younger than 20.000 yrs. This is
based on calibration of cone degradation parameters extrapolated from geologic research
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in the Cima volcanic field. the surface position and angular crystal form of Ti-Cr-bearing
magnetite crystals in varnish developed on 150.000 yr old lavas. and the estimated time
required for development of soils on the cone slopes. Cone degradation parameters of
the main scoria cone best match a 15.000 yr old scoria cone in the Cima volcanic field
[see information in Dohrenwend and others. 1986. Geologic Society of America Bulletin.
Spring 1986). This suggested age range is much younger than the previously documented
age estimate of the center of about 270.000 yrs. This new information will require
reexamination of volcanic rate parameters for calculation of the probability of volcanic
disruption of a repository. The new data point (age and magmatic volume) plot on the
previously established regression line. However. new approaches to calculating a rate
of magma generation and predicting the time and volume of the next volcanic event are
suggested by a curve fit of cumulative volume versus time for all volcanic activity of 4
m.y. and younger in the Yucca Mountain region. Additionally we will have to reevaluate
the ash horizons in the trenches used for neotectonic studies to test whether any of the
ashes could correlate with the newly recognized young volcanic event.

3. Important data that may provide more precise constraints on the age of the Lathrop Wells
cone is currently in jeopardy from commercial quarrying of cinder. If quarrying continues.
this information could be permanently lost. Significant outcrops of scoria have already
been removed in the last year. Field investigations will need to be conducted concurrently
with cinder quarrying to avoid loss of data.

Our discussions of future research needs for the volcanism studies were reviewed with
SAIC on February 5. 1987 and incorporated into Chapter 8.3 of the SCP. We will also include
the information in the Study Plans in support of the SCP and in the FY88 and FY89 work
plans for the volcanism work breakdown task. I have attached a list of suggested required
studies to resolve the current age problems with the youngest volcanic event. All are consistent
with previously proposed studies. Two studies will require some expanded work including: 1)
evaluation of the age of the youngest volcanic event using experimental isotopic and varnish
techniques and 2) development of new techniques for correlation of ash horizons in trenches
with established volcanic events.
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REQUIRED STUDIES FOR REFINING VOLCANIC CHRONOLOGY

TOPIC COVERED IN SCP: CHP 8.3

1. Detailed field mapping of Lathrop Wells volcanic YES
center using 1:5000 scale color photography and oblique
photography of cinder quarry walls.

2. Investigate obtaining historic photographs of Lathrop NO
Wells volcanic center to evaluate geologic information
prior to quarrying operations (assign responsibility to
SAIC).

3. Quarry mapping for tephrachronology and analysis YES
of soil stratigraphy of the Lathrop Wells scoria cone and
adjacent areas. May require small trenche 1 selected
outcrop areas.

4. Geochemistry of scoria sequences for young volcanic YES
centers and ash horizons in trenches. Information will
be used for geochemistry parts of the volcanic hazards
studies and for correlation of ash horizons with
volcanic events.

5. Development of calibration curves for the Yucca YES
Mountain area for cone degradation parameters. Analysis
of soil development and soil stratigraphy for young
volcanic centers in the Yucca Mountain region. These
techniques can be used to refine and cross-check volcanic
geochronology.

6. Continued dating of young volcanic rocks using the YES
K-Ar technique.

7. Experimental techniques for determining the age of YES
volcanic rocks or the time of surface exposure of
volcanic rocks. The preferred techniques include 3C1.
3He. cation-dating of varnish. radiocarbon dating of
varnish. U-Th disequilibrium and measurement of magnetic
pole positions.
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